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ABSTRACT 

PURPOSE: To flatten interlayer insulating films for enhancing the hot carrier resistance by a meth 
insulating film having the reflow property is formed on the lower layer wiring and then forming am 
doped with an impurity on the former insulating film so as to form both insulating films into the inl 



CONSTITUTION: A lower layer Al wiring layers 2 are formed according to specific pattern on ai 
then a non-doped ozone TEOS film 3 as an insulating film is formed on the whole surface by a nor 
device. This film 3 is buried in the trenches existing between the mutual layer Al wirings 2 to flatte 
formed by the lower wirings 2. Next, a phosphorus doped ozone TEOS film 4 as another insulatin: 
films 3 by the atmospheric pressure CVD device. At this time, the film 4 fixes the H(sub 2) as the i 
carrier phenomenon occurring in the formation step of the passivation film so as to work as a barri 
2). Through these procedures, the films 3, 4 can be formed into the interlayer insulating films to fo 
wiring layers on the flattened film 4 thereby enabling the title semiconductor device having specifit 
be manufactured by repeating the processes finally forming a passivation film on the surface. 
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Specifications 



1, Name of Invention: Method of Forming Semiconductor 

Device's Multilayer Wiring 



2 . Scope of Patent Application 



(1) In a method for forming a semiconductor device's multi- 
layer wiring by making an interlayer dielectric film on the 
lower wiring layer and an upper wiring layer on the above- 
noted interlayer dielectric film, a method for forming a 
semiconductor device's multilayer wiring which has 

• a first process for forming a dielectric film with the 
reflow property on above-noted lower wiring and 

• a second process which sequentially forms an impurity- 
doped dielectric film on said film of the first process 
and hardening it and which can fix hydrogen, making both 
the first-process film and the second-process film 
interlayer dielectric films. 

3 . Detailed Explanation of Invention 

Field for Commercial Utilization: This invention relates 
to a method of forming a semiconductor device's multilayer 
wiring, and particularly bears on making interlayer 
dielectric films flat so as to moderate the step created by 
a lower wiring layer, and thus a method of making a semi- 
conductor device's multilayer wiring long lived and highly 
reliable . 

Usual Technology: With the usual semiconductor device, 
such as bipolar integrated circuits and MOS integrated 
circuits, multilayer wiring is done for the sake of high 
capacity and density. With such a semiconductor device, 
the lower aluminum wiring layer has a stepped shape at the 
part where the substrate has no aluminum wiring. Hence, 
this stepped shape is transferred via the interlayer 
dielectric film to the upper aluminum wiring layer. That 
gives rise to a thinned part of the upper aluminum wiring 
layer in response to this stepping, as a result of which 
there has been a risk of breaks in the aluminum wiring. 

So, a method, SOG (spin on glass), is known that embeds the 
dielectric film in the groove of the step and flattens the 
interlayer dielectric film, forming it at low heat so as 
not to damage the substrate or aluminum wiring layer. 

Nevertheless, when forming flat SiO^ film (SOG film) by the 
SOG method, one uses a non-resin silicon compound solution; 
and as the SOG film becomes thicker so as to flatten the 
steep step, the solvent evaporates and causes capacity 
changes (hardening) in the SOG film so that cracks, etc.. 



arise at its edges and bring about severe deterioration of 
the semiconductor device's electrical properties. It is 
known that stepping that can be mitigated by the SOG method 
without causing cracks are limited to some 4000D. 

Now, organic silicon compounds are an existing example that 
can flatten the interlayer dielectric film without causing 
cracks even if steep steps are produced exceeding 4000D. A 
known existing example is to use as a gas source a gas 
system derived from tetra-ethoxysilane-0^ (hereafter 
abbreviated to non-doped ozone TEOS) to do a film-forming 
reaction with low-temperature CVD at normal pressure and 
flatten the stepping by the reflow of the silicon dioxide 
created by the break down. (E.g., Semicon News^ January 
1988) 

Also, to prevent deterioration of their element properties 
from atmospheric humidity, etc., semiconductor devices 
usually have a passivation film (final protective film) on 
their surfaces. When forming the silicon nitride film 
generally used for this passivation film on the semiconduc- 
tor device's surface by CVD, one generally uses a 
monosilane ( SiHJ -ammonia (NH^) system and the following 

formula at 200'-400EC: 

3SiH + 4NH Y Si N + 12H^ 

4 3 2 4 2 

Problems the Invention Seeks to Resolve: Still, while the 
above-noted usual example achieves flattening of the semi- 
conductor device, hydrogen generated in the above reaction 
to form the passivation film has become a main cause of the 
hot-carrier phenomenon. Some of the electrons generated by 
this hot-carrier phenomenon fly onto the interlayer dielec- 
tric film and are captured, changing the threshold voltage. 
Because this phenomenon arises when the semiconductor 
device runs, it has caused the problem that circuit 
malfunctions readily occur, undercutting the semiconductor 
device's reliability and easily shortening its life. 

So, to resolve such problems, this invention has the goal 
of providing a method for forming a semiconductor device's 
multilayer wiring with flattened interlayer dielectric 
film, excels in its hot-carrier properties and can make 
multilayer wiring without bringing about variations or 
weakening in the semiconductor device's properties. 



Means to Resolve Problems: To achieve these goals in a 



method for forming a semiconductor's multilayer wiring, 
this invention is characterized--in a method for forming a 
semiconductor device's multilayer wiring by forming an 
interlayer dielectric film on the lower wiring layer and an 
upper wiring layer on the above-noted interlayer dielectric 
film — by having a first process that forms a reflow-type 
dielectric film on the above-noted lower wiring and a 
second process to serially form an impurity-doped 
dielectric film on said first process's film and also can 
fix hydrogen, thus forming interlayer dielectric film of 
the first process and second, process films. 
Effects: With this invention's method for forming multi- 
layered film for semiconductor devices with an upper wiring 
layer on the above-noted interlayer dielectric film, one 
can make said dielectric film flat with a first process to 
form on the stepped lower wiring a dielectric film with 
reflow properties, thus moderating the above-noted step. 

Also, by having a second process that can serially form an 
impurity-doped dielectric film and fix hydrogen, that film 
can fix hydrogen which is created in making a passivation 
film for the semiconductor device and which is the main 
cause of the hot-carrier phenomenon, as the film serves as 
a barrier layer to hydrogen, thereby keeping the hot- 
carrier phenomenon from arising. 

Because of this, by forming interlayer dielectric films in 
both the first and second processes, one can provide a 
method for forming a semiconductor's multilayer wiring that 
flattens said interlayer dielectric film, has superior 
anti-hot carrier properties and does not cause variations 
or deterioration in the semiconductor device's properties. 

Application Examples: Next we will explain application 
examples of this invention, basing that on the figures. 

Figures 1 through 4 are cross-sectional composition 
diagrams using an application example of this invention to 
illustrate the method of forming the multilayer wiring. 

In the Figure 1 process, one forms lower aluminum wiring 
layer 2 on silicon substrate 1 with a prescribed pattern. 

Next, in the Figure 2 process one uses an ordinary pressure 
CVD device to form on the entire surface yielded in the 
first process a non-doped ozone TEOS film 3 as a dielectric 
film. For the source gas brought into the regular-pressure 



CVD device, we introduce 20% silicon, 75% ozone and 60% 
nitrogen. Processing is done for five to eight minutes at 
380EC to form non-doped ozone TEOS film 3 some 4000-60000 
thick. 

Because TEOS is a gaseous organic silicon compound with a 
low vapor pressure, one must heat it several tens of 
degrees Centigrade and buffer it with nitrogen when taking 
it into the regular-pressure CVD device. 

Also, since ozone promotes the oxidation and breakdown of 
TEOS to form silicon dioxide, it is added to the reagent 
gases and included in those gases at 18,000 PPM. For 
introducing the ozone, one uses an electrical discharge to 
break down oxygen. 

During this regular-pressure CVD, because ozone promotes 
breakdown of the TEOS, one can form non-doped ozone TEOS 
film 3 at low temperatures (350EC) and a high deposit rate 
(controllable at lOO-^SOOOD/minute at a deposit temperature 
of 380EC) . So, it does not risk damaging to lower aluminum 
wiring layer 2. This non-doped ozone TEOS film 3 is a 
dielectric film and is embedded in the groove (the step 
between lower aluminum wiring 2 and silicon substrate 1) 
lying between lower aluminum wiring 2 and so reduces and 
flattens the step created by lower aluminum layer 2. 

Also, non-doped ozone TEOS film 3 is formed from TEOS gas 
and so is not affected by shrinkage when congealing. As a 
result, even if non-doped ozone TEOS film 3 is made thick, 
the problem does not arise of cracks occurring. Also, the 
thickness of non-doped ozone TEOS film 3 can be freely 
determined from the thickness (height) of lower aluminum 
wiring 2 and adjusted to a desired thickness by the 
regular- pressure CVD' s processing time. 

Next, in Figure 3's process, proceeding from Figure 2's 
process, one makes phosphorus-doped TEOS film 4 in the 
regular-pressure CVD device as a dielectric film on flat- 
tened, non-doped ozone TEOS film 3. For this, one intro- 
duces the same source gases as in the regular-pressure CVD 
device in Figure 2's process: 30% silicon, 75% oxygen, 60% 
nitrogen and 30% phosphorus. Other processing conditions 
are like those in the Figure 2 process and yield 2000'-4000D 
phosphorus-doped ozone TEOS film 4. 

This phosphorus-doped ozone TEOS film 4 serves as a barrier 



layer against hydrogen, fixing the hydrogen which is the 
main cause of the hot-carrier phenomenon that occurs when 
forming the passivation film. So, it can prevent the hot- 
carrier phenomenon. 

Interlayer dielectric films are made for both above-noted 
non-doped ozone TEOS film 2 and phosphorus-doped ozone TEOS 
film 4. 

Next, in Figure 4's process upper aluminum wiring layer 5 
is formed on flattened phosphorus-doped ozone TEOS layer 4 
yielded by Figure 3's process. 

After the Figure 4 process, one repeats the processes from 
Figure 2 so as to be able to manufacture a semiconductor 
device having the desired multilayer wiring. 
Finally one makes a passivation film on the surface of the 
semiconductor device . 

With the above processes, one has completed forming multi- 
layered wiring that is flattened, has superior hot-carrier 
resistance and no varying or deteriorated semiconductor 
device properties. 

Because one makes a phosphorus-doped ozone TEOS film 4 for 
each wiring layer, one can fix the above-noted hydrogen 
with each TEOS film 4 so as to assure the anti-hot carrier 
properties . 

Next we compared the life shortening of the semiconductor 
device manufactured by this application example (the 
invention) with a semiconductor device with no impurity 
doping of the interlayer dielectric films and manufactured 
by the usual method (usual product) . The comparison method 
was to apply maximum voltage (5.5V) to the semiconductor 
device and to take a drop of the g.m. (threshold voltage) 
as shortened life when it fell 10%. We also made the 
number of wiring layers, film thickness (height) and total 
thickness of interlayer dielectric films the same in the 
invention and the usual product. 

The result was that we confirmed that the invention had its 
life span improved ten times compared to the usual product. 

In Figure 3's process, we used phosphorus as the impurity 
to dope the ozone TEOS film that was formed; but it is not 
limited to that impurity. 



We also used aluminum for the wiring; but one may also use 
various conductive materials such as Al-Cu, Al-Si, Al-Ta, 
etc . 

In this application example, we explained the method for 
forming multilayer wiring; but there is nothing to prevent 
its being applied to forming single-layer wiring. 

Effectiveness of Invention: As explained above, with this 
invention' s method of forming multilayer wiring for semi- 
conductor devices one can form flattened dielectric film by 
the first process. And, with the second process one can 
fix the hydrogen generated in the course of forming 
passivation film. As a result, it can provide a method of 
forming semiconductor devices' multilayer wiring with 
superior interlayer dielectric film flattening and anti-hot 
carrier properties, without variations or weakening of the 
semiconductor device properties. 
4 . Simple Explanation of Figures 

Figures 1 through 4 are cross-sectional composition 
diagrams showing the method of forming the multilayer 
wiring from one example of applying this invention. 

In the figures, 1 is a silicon substrate, 2 a lower 
aluminum wiring layer, 3 a non-doped ozone TEOS film, 4 a 
phosphorus- doped ozone TEOS film and 5 an upper aluminum 
wiring layer. 
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